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© Adaptive equalizer system. 

© An automatic adaptive equalizer inspects either 
the input or output signal to the equalizer (3) and 
extracts a predetermined specific waveform from 
such signal, analyses the extracted specific 
waveform based upon predetermined inspection pa- 
rameters, and then controls the characteristics of the 
equalizer based upon the results of the analysis, 
thereby optimizing the equalizer characteristics. 
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ADAPTIVE EQUALIZER SYSTEM 



BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates generally to an equalizer 
in which a coefficient is automatically controlled 
and, more particularly, to an automatically adaptive 
equalizer for use in a digital tape recorder or the 
like. 



Description of the Background 

In most known magnetic recording/reproducing 
apparatus, such as audio tape recorders, video 
tape recorders, or the like, the reproduced signal 
from the playback head is passed through an 
equalizer that has specifically selected frequency 
response characteristics. Generally, in such equal- 
izers the high frequency range during playback is 
emphasized to compensate high-frequency signal 
loss caused by increased recording density. Typi- 
cally, the frequency characteristics of this kind of 
equalizer are fixed once they are adjusted for the 
desired optimum performance. A problem arises, 
however, in that the frequency characteristics in the 
playback mode can change for various reasons. 
Among such reasons are the different types of tape 
being employed, tape aging, reproduction demag- 
netization, a change in spacing loss due to deterio- 
ration of the tape surface caused by repetitive 
playback and recording, variations in the character- 
istics of the head, a change in the rotary trans- 
former caused by head wear, or a change in the 
gap dimension of the rotary transformer as a result 
of bearing wear, a variation in the. azimuth angle of 
the playback and recording head from apparatus to 
apparatus, variations in the recording current, a 
change in the tape contact angle of the heads 
caused by a change in temperature or humidity, 
temperature characteristics, and overall aging of 
the electrical parts making up the circuitry fo the 
tape recorder apparatus. 

Therefore, even though many of the above 
changes in characteristics are generally minor, they 
do adversely affect the performance of the tape 
recorder so that the use of an equalizer that is 
permanently adjusted or fixed will not result in 
optimum performance or reliability. Furthermore, 
when the equalizer characteristics made to be ad- 
justable within a particular tolerance band to take 
into consideration the variations in frequency char- 
acteristics caused by the various parameter 



changes described above, the recording density on 
the tape is adversely affected by this tolerance 
band. 

Thus, elements whose values are adjustable 
s are necessary for use, such as a potentiometer, a 
trimmer capacitor, or the like, in order to permit 
adjustment at the time of manufacture and for 
subsequent re-adjustment during maintenance pro- 
cedures. The use of these additional parts in- 
70 creases the overall cost of the equipment and also 
results in higher labor costs and increases the 
overall bulk of the apparatus. 

15 OBJECTS AND SUMMARY OF THE INVENTION 



Accordingly, it is an object of the present in- 
vention to provide an apparatus for automatically 
20 equalizing a reproduced signal that can eliminate 
the above-noted defects inherent in the prior art. 

Another object of this invention is to provide an 
equalizer that has characteristics that can be auto- 
matically adjusted to an optimum setting without 
25 regard to influences caused by variations in the 
circuit elements employed in the device. 

In accordance with an aspect of the present 
invention, an inspection circuit is provided to exam- 
ine or inspect the input or the output signal of the 
30 equalizer and an extraction circuit is provided to 
extract a specific waveform from that signal in 
response to the inspection circuit. The extracted 
waveform is then analyzed in a control circuit 
based upon a predetermined protocol and then the 
as transfer characteristics of the equalizer are con- 
trolled based upon the results of this analysis. 

According to another aspect of the present 
invention, the equalizer characteristics can be auto- 
matically adjusted so that manually adjustable parts 
40 such as a potentiometer, a trimmer capacitor, and 
the like and the steps that were previously em- 
ployed to adjust these elements can be eliminated, 
thereby reducing the cost and overall size of the 
equalizer. This adaptive feature is accomplished in 
45 one embodiment by means of a microcomputer 
and because the equalizer is controller by this 
microcomputer the state of the reproduced RF 
signal can be easily externally monitored, so that 
error detection and the like in both the manufactur- 
so ing and maintenance procedures can be facilitated. 

In keeping with the present invention because 
the equalizer characteristics need not be provided 
with tolerance limits or a margin in order to com- 
pensate the variation factors described above rela- 
tive to a conventional equalizer, the equalizer char- 
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acteristics can be continuously optimized, thereby 
leading to an increase in recording density. 

The automatic equalizer of the present inven- 
tion can also find utility as a ghost canceller, an 
echo canceller, or the like in a television receiver. 

The above and other objects, features, and 
advantages of the present invention will become 
apparent from the following detailed description of 
illustrative embodiments thereof to be read in con- 
junction with the accompanying drawings, in which 
(ike reference numerals represent the same or 
similar elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic in block diagram form 
of an automatic equalizer according to an embodi- 
ment of the present invention; 

Fig. 2 is a schematic in block diagram form 
showing the digital equalizer used in the embodi- 
ment of Fig. 1 in more detail; 

Fig. 3 is a schematic in block diagram form 
of an automatic equalizer according to another em- 
bodiment of the present invention; 

Figs. 4A-4E are waveform diagrams repre- 
senting signal processing that occurs in the em- 
bodiment of Fig. 1; and 

Fig. 5 is a schematic in block diagram form 
showing the waveform sampler employed in the 
circuit of Fig. 3 in more detail. 

DETAILED DESCRIPTION OF PREFERRED E^ 
BODIMENTS 



In Fig- 1 an RF signal reproduced from a 
record medium is fed from a playback head (not 
shown) to an input terminal 1 so that it can be 
converted to a digital signal by an analog-to-digital 
converter (A/D) 2. The reproduced digitized signal 
is passed through a digital equalizer 3 where it is 
corrected as desired, for example, the high-fre- 
quency range is emphasized and the equalized 
reproduced signal is then fed to the subsequent 
processing circuitry (not shown). The equalized re- 
produced signal is also fed to a waveform sampler 
circuit 4 that can detect a signal waveform having a 
predetermined pattern in the digital output of the 
digital equalizer 3. For example, if the subject 
equalizer is being employed in a digital audio tape 
recorder (DAT), the data block produced upon 
playback will include various signals, such as a 
sync signal, that have a predetermined code con- 
tent. The waveform pattern of a sync signal is 
generally easy to detect, and it is that waveform 



that is detected in the embodiment of Fig. 1. 
Waveform sampler 4 then supplies the characteris- 
tics of the waveform pattern, for example, a sync 
signal, to a microcomputer 5 where those char- 
s acteristics are compared with the known character- 
istics of the predetermined waveform. Based upon 
this detection operation in microcomputer 5, the 
various equalization coefficients in the digital equal- 
izer 3 can be adjusted accordingly. These coeffi- 
io cient adjustments typically take place in a digital 
circuit by changing the multiplication coefficients in 
respective multiplication circuits in the equalizer. In 
this fashion, the characteristics of the digital equal- 
izer can be corrected or adapted to the received 
75 waveform, so that the optimum equalization is ulti- 
mately realized. 

The present invention also contemplates that 
waveform sampler 4 could be used to detect a 
predetermined waveform in the input signal to the 
20 digital equalizer, and this embodiment is repre- 
sented by the dashed line connecting the output of 
analog-to-digital converter 2 to the input of 
waveform sampler 4. 

Digital equalizer 3 of Fig. 1 is shown in more 
25 detail in Fig. 2, in which it is seen to comprise a 
nonrecursive filter known as a finite impulse re- 
sponse (FIR) digital filter that includes delay ele- 
ments 6 and 7 that have respective unit delay 
times given by n and m times the sampling period, 
30 respectively. The input signal at terminal 12 is fed 
to a first digital multiplier 8, the output of delay 
circuit 6 is fed to a second digital multiplier 9, and 
the output of delay circuit 7 is fed to a third digital 
multiplier 10. Delay circuits 6 and 7 may simply 
35 comprise a three-tap delay line. Digital multipliers 
8, 9, and 10 each receive a respective multiplica- 
tion coefficient Ci, C 2 , and C 3 , and the outputs of 
the multipliers 8, 9, and 10 are fed to an adder 
circuit 11 where they are summed to produce the 
40 equalizer output. 

In operation then, a digitally converted repro- 
duced signal, as provided from an analog-to-digital 
converter, is fed in at input terminal 12 and is fed 
to multiplier 8 and also to delay circuit 6. Multiplier 
45 8 also receives the multiplication coefficient Ci. 
The delayed digitized signal from delay circuit 6 is 
then fed to multiplier 9 and also to delay circuit 7, 
with multiplier 9 also receiving the multiplication 
coefficient C 2 . The delayed output of delay circuit 
so 7 is fed to multiplier 10 that also receives the 
multiplication coefficient C 3 . The adjusted outputs 
from multipliers 8, 9, and 10 are then combined in 
adding circuit 11 whose output then forms the 
output signal of the digital equalizer 3. The values 
55 of multiplication coefficients Ci,C2, and C 3 are cal- 
culated based on comparison results obtained in 
microcomputer 5 shown in the embodiment of Fig. 
1. 
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Another embodiment of the present invention is 
shown in Fig. 3 in which an analog equalizer 13 is 
employed in place of the digital equalizer 3 of Fig. 
1. This circuit provides an analog output as the 
output signal of analog equalizer 13 and also a 
digital output as the output signal of analog-to- 
digital convertor 2. In any event, the same general 
procedure occurs in that waveform sampler 4 de- 
tects a specific pattern within the digital signal and 
the detected pattern characteristics are fed to a 
microcomputer where they are matched against the 
pattern and, based upon such match, the mul- 
tiplication coefficients are then produced. In this 
case, the multiplication coefficients are fed to an 
analog equalizer 13, which may comprise a plural- 
ity of delay lines, variable amplifiers, or the like. It 
is the variable gains of such variable amplifiers that 
are controlled by the multiplication coefficients 
from miccrocomputer 5. 

Operation of the waveform sampler 4 is ex- 
plained utilizing the Figs. 4A-4E that represent var- 
ious waveforms that are operated upon in 
waveform sampler 4 and in microcomputer 5. As 
mentioned above, a waveform that is advantageous 
for use according to the present invention whose 
characteristics can be detected in waveform sam- 
pler 4 is a sync signal that is typically provided at 
the beginning of a data block of an information 
signal. Assuming that the sync signal is recorded 
cr. the tape as a 8-bit code that is a part of the 
recording signal, then the sync signal may assume 
the value "11110000". as represented in Fig. 4A. 
Assuming that it is this sync signal that is used, 
upon playback a waveform such as shown in Fig. 
4B will be the waveform fed to waveform sampler 
*4. While only a single sync signal is shown in Figs. 
4A-4C. in actuality the sync signal waveform is 
detected from the reproduced waveform by 
waveform sampler 4 a number of times so that a 
plurality of detected sync signals can be averaged. 
This averaging results in obtaining a sync 
waveform from which the influence of noise or 
dropouts and the like can be effectively reduced. 

This averaged or smoothed waveform is then 
represented in Fig. 4C. The detected sync signal 
waveform is then differentiated to provide a dif- 
ferentiated sync waveform as shown in Fig. 4D, 
and in microcomputer 5 the differentiated waveform 
is compared with a reference waveform. This com- 
parison is represented in Fig. 4E in which the 
differentiated waveform is shown as a solid line and 
the reference waveform, as contained within micro- 
computer 5, is indicated by a dashed line. The 
reference waveform is generated based upon the 
recording signal, as shown in Fig. 4A t and specifi- 
cally may be generated by providing a waveform 
that approximates the differentiated recording sig- 
nal. 
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Fig. 4E graphically represents the comparison 
between the differentiated waveform of the 
playback signal as shown in Fig. 4D with the refer- 
ence waveform that may be generated from the 

5 recording signal and. in that regard, the sampling 
points are represented at ti, te, and t3. Comparing 
the two waveforms at the three sampling points can 
result in differences represented graphically at bt, 
b2. and b3. Based upon these detected differences. 

70 bi, fc>2, and b3. the multiplication coefficients, Ci. 
C2, and Ca, which are fed into multipliers 8, 9, 10. 
respectively, of Fig. 2 are calculated. 

More particularly, assuming that the multiplica- 
tion coefficients presently being employed in the 

75 digital equalizer 3 are represented as Ci , C2 , C3 . 
the new multiplication coefficients Ci, C2. and C3, 
as represented in Fig. 4E can be given as: 
Ci = Ci' + kbi 
C2 - C2 

20 C3 - C3' + kb3 

Therefore, the input signal is multiplied in multipli- 
ers 8, 9. and 10 of Fig. 2 by respective multiplica- 
tion coefficients Ci, C 2 , and C 3 . thereby correcting 
the equalizer characteristics so that the differen- 

25 tiated waveform (Fig. 4D) approximates the refer- 
ence waveform. 

In this case, the delays Z* n and Z"* are respec- 
tively chosen as Z" 1 and. thus, such equal delays 
could be provided by a three-tap delay line. The 

30 constant k is the amplification or multiplication fac- 
tor. In the embodiment of Fig. 3. which employs 
analog equalizer 13, it is the gains of variable 
amplifiers contained therein that are controlled by 
the signals that are generated by microcomputer 5 

35 based upon the comparisons performed therein. 

Fig. 5 represents an embodiment of the 
waveform sampler 4 used in the embodiments of 
Figs. 1 and 3, in which the digital input signal SD 
obtained from analog-to-anaiog convertor 2 or digi- 

40 tal equalizer 3 is fed in at input terminal 20. This 
digital signal SD is fed to a pattern inspection 
section 21 , a level inspection section 22. a phase 
inspection section 23, and a buffer memory 24. 
In the pattern inspection section 21 . the polarity 

45 of a sync signal waveform stored in a pattern 
register 25 is sequentially compared with the polar- 
ity of the input signal SD. When a coincidence 
between the patterns is found in inspection section 
21 , a positive detection signal Si is output and fed 

so to an AND gate 26. 

In level inspection section 22, the positive and 
negative levels of the input signal SD are sequen- 
tially compared with reference levels that are 
stored in a level window register 27. Level inspec- 

55 tion section 22 operates to determine whether the 
positive or negative levels of the input signals SD 
exceed the predetermined levels contained within 
level window register 27. When the positive or 

4 
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negative level exceeds such predetermined levels, 
level inspection section 22 passes the actual signal 
SD to a level pattern inspection section 28. In level 
pattern inspection section 28, the signal SD is 
compared with positive and negative level patterns 
of the sync signal waveform that have been preset 
therein. When a coincidence is found between the 
signal SD and such positive and negative level 
patterns of the sync signal, level pattern inspection 
section 28 provides a positive detection signal S2. 
The output of level pattern inspection section 28 is 
fed as the positive detection signal S2 through 
delay circuit 29 to another input of AND gate 26. 
Delay circuit 29 is employed to adjust signal tim- 
ing, in the well known manner. 

Phase inspection section 23 sequentially in- 
spects the input signal SD based upon the phase 
data stored in a phase window register 30 to deter- 
mine whether any phase error of signal SD ex- 
ceeds a predetermined range. If the phase error as 
determined by phase inspection 23 falls within the 
predetermined range, a positive output signal S3 is 
provided that is fed through a delay circuit 31 to 
another input of AND gate 26. Again, delay circuit 
31 is provided to adjust system timing. 

In a sample phase inspection method, if it is 
assumed that the data to be inspected is given by 
a DATA(x) and the data after one clock period is 
given by DATA(x + 1),- and if DATA(x) + DATA- 
(x + 1) is equal to or smaller than the inspection 
reference value, then the detection signal So is 
output. 

The input digital signal SD at terminal 20 is fed 
into buffer memory 24 and is read out therefrom 
and written into a sampler memory 32 under con- 
trol of an address counter 35. 

A timing control circuit 33 provides the system 
timing and supplies a clock pulse signal of pre- 
determined frequency to a start mask counter 34 
and to address counter 35. Address counter 35 
operates to control sampler memory 32 that is 
connected to receive and produce the signal on the 
line from buffer memory 24 to the input/output 
circuit (I/O) 37. Timing control circuit 33 also pro- 
vides timing signals on line 33 for appropriate 
control of other circuits in the apparatus. 

Start mask counter 34 has a count capacity 
that is determined by the length of a sync signal 
period, and when counter 34 counts clock pulses 
for a period equal to that sync signal period in an 
initial state, it then supplies a detection signal S4 to 
another input of AND gate 26. Thus, in the initial 
state any insignificant data left remaining in the 
various inspection sections 21, 22, and 23 are 
invalidated, thereby preventing any such insignifi- 
cant data from accidentally coinciding with the 
sync signal to thereby cause a detection error. 

When AND gate 26 properly receives a co- 



incidence of the several detection signals Si, S2. 
S3, and S*. it provides a sync signal waveform 
detection signal Ss to timing control circuit 33 
through a delay circuit 36. Delay circuit 36 is 

5 necessary to adjust the timing of the detection 
signal Ss. Upon receipt of this detection signal Ss 
timing control circuit 33 provides a message to 
microcomputer 5 through I/O circuit 37 that in- 
dicates that a normal sync signal waveform has 

10 been detected. Microcomputer 5 then accepts the 
data from buffer memory 24 through I/O circuit 37 
and performs the operations as represented in 
Figs. 4C, 4D, and 4E based upon the read-out data 
and the reference waveform to thereby calculate 

15 the coefficients Ct, C2, and C3. 

According to the embodiment described above, 
the predetermined waveform is detected based 
upon the polarity of the digital signal SD in the 
pattern inspection section 21 and is also detected 

20 based upon the level of the digital input signal SD 
in the level inspection section 22 and, further, is 
based upon the level pattern inspection section 28. 
Therefore, accurate detection can be achieved that 
is free from the adverse influences of noise or 

25 drop-outs. Because the digital signal SD that falls 
within a predetermined phase range is detected by 
phase inspection section 23, calculations can be 
facilitated while reducing the sampling time. 

The above description is given on a single 

30 preferred embodiment of the invention, but it will 
be apparent that many modifications and variations 
could be effected by one skilled in the art without 
departing from the spirit or scope of the novel 
concepts of the invention, which should be deter- 

35 mined by the appended claims. 



Claims 

40 1. An adaptive equalizer system in which 

equalizer characteristics are automatically con- 
trolled, the system comprising: 
an equalizer circuit (3) having controllable char- 
acteristics; 

45 inspection means (6-11) for inspecting an output 
signal of said equalizer circuit; 
extraction means (4) for extracting a specific 
waveform from the output signal of said equalizer 
circuit in response to an output of said inspection 

50 means; and 

control means (5) for analyzing the extracted spe- 
cific waveform in accordance with predetermined 
parameters thereof, and controlling the characteris- 
tics of said equalizer circuit based on the analysis 

55 result. 
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2. An adaptive equalizer system according to 
claim 1 , wherein said inspection means comprises 
means for discriminating a polarity of the output 
signal of said equalizer circuit. 

3. An adaptive equalizer system according to 
claim 1. wherein said inspection means comprises 
means for discriminating a level of the output sig- 
nal of said equalizer circuit. 

4. An automatic equalizer according to claim 1 , 
wherein said inspection means comprises means 
for discriminating a phase of the output signal of 
said equalizer circuit 

5. An adaptive equalizer in which equalizer 
characteristics are automatically controlled, the 
system comprising: 

an equalizer circuit having controllable characteris- 
tics; 

inspection means for inspecting an input signal of 
said equalizer circuit; 

extraction means for extracting a specific waveform 
from the input signal of said equalizer circuit in 
response to an output of said inspection means; 
and 

control means for analyzing the extracted specific 
waveform on the basis of predetermined character- 
istics thereof, and controlling the characteristics of 
said equalizer circuit based on the analysis result. 

6. An adaptive equalizer according to claim 5, 
wherein said inspection means comprises means 
for discriminating a polarity of the input signal of 
the equalizer circuit. 

7. An adaptive equalizer according to claim 5, 
wherein said inspection means comprises means 
for discriminating a level of the input signal of the 
equalizer circuit. 

8. An automatic equalizer according to claim 5 t 
wherein said inspection means comprises means 
for discriminating a phase of the input signal of the 
equalizer circuit. 

9. An adaptive equalizer system in which digital 
input signal characteristics are automatically con- 
trolled, the system comprising: 

an equalizer circuit having controllable signal trans- 
fer characteristics; 

inspection means for inspecting an output signal of 
said equalizer circuit; 

extraction means for extracting a specific waveform 
from the output signal in response to said inspec- 
tion means; and 

control means for comparing the extracted specific 
waveform with a predetermined waveform pattern, 
and controlling the signal transfer characteristics of 
said equalizer circuit based on the comparison 
result. 

10. An adaptive equalizer system according to 
claim 9, wherein said inspection means comprises 
means for discriminating a polarity of the output 
signal of the equalizer circuit 



11. An adaptive equalizer system according to 
claim 10, wherein said inspection means comprises 
means for discriminating a level of the output sig- 
nal of the equalizer circuit. 
5 12. An adaptive equalizer system according to 

claim 1 1 , wherein said inspection means comprises 
means for discriminating a phase of the output 
signal of the equalizer circuit 

13. An adaptive equalizer system according to 
70 claim 12, wherein a buffer memory stores the out- 
put signal from the equalizer circuit, a logic circuit 
receives an output from said means for discriminat- 
ing a polarity, said means for discriminating a level, 
and said means for discriminating a phase for 

75 producing an output fed to said control means, 
whereby the signal stored in said buffer memory is 
compared with the predetermined waveform pat- 
tern. 

14. An adaptive equalizer system according to 
20 claim 13, wherein a timing control means receives 

the output signal from said logic circuit and con- 
trols an address counter to cause a selected por- 
tion of the output signal stored in said buffer mem- 
ory to be temporarily retained in a sample memory 
25 for transfer to said control means. 

15. An adaptive equalizer system according to 
claim 9, wherein said means for discriminating a 
level includes a level inspection circuit for compar- 
ing the output signal from said equalization circuit 

30 with upper and lower predetermined levels fed 
from a level window register and upon said upper 
or lower level being exceeded, said output signal of 
said equalizer circuit being fed to a level pattern 
section for determining coincidence with a pre- 
ss determined pattern contained therein. 
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